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1.  Introduction 


The  goal  of  this  effort  is  to  provide  a  foundation  for  the  development  of  supporting  electronic 
circuitry  to  facilitate  the  exploitation  of  commercially  available  magnetic  sensors  for  geometric 
investigations  of  ballistic  components.  Specifically,  the  internal  and  external  geometries  of  target 
materials  are  to  be  determined  through  measurements  of  their  perturbations  of  external  magnetic 
fields.  One  applicable  low-field  magnetic  sensor  is  the  Honeywell*  HMC1043.  This  low-cost 
device  contains  three  orthogonally  oriented  magnetoresistive  field  sensors  in  a  miniature 
3-  x  3-inm  surface-mount  device.  Magnetic  fields  up  to  ±6  Oersted  (Oe)  can  be  measured  with 
these  devices,  which  is  roughly  10  times  the  earth’s  magnetic  field  strength.  Consideration  of  this 
device’s  operation  will  reveal  the  need  for  electronic  circuitry  to  provide  signal  amplification, 
offset  compensation,  and  set/reset  strap  capability. 

The  HMC1043  magnetic  sensor  utilizes  ferrous  anisotropic  magnetoresistive  (AMR)  materials. 
These  materials  are  such  that  their  electrical  resistance  is  a  function  of  both  the  magnitude  and 
direction  of  an  external  applied  magnetic  field  ( 1 ).  Each  orthogonally  oriented  sensor  consists  of 
a  Wheatstone  bridge  with  elements  fabricated  from  AMR  material,  as  illustrated  in  figure  1 .  In 
this  figure,  the  magnetoresistive  orientation  direction  of  each  element  is  indicated  by  the  blue 
arrow  through  the  resistance  symbol.  In  the  absence  of  an  external  magnetic  field,  each 
Wheatstone  bridge  element  has  the  same  nominal  resistance,  R.  Under  these  conditions  the 
bridge  is  balanced  and  an  externally  applied  voltage  Vcc  will  generate  a  bridge  voltage  of  A  V=0. 
The  magnetoresistive  elements  of  the  Wheatstone  bridge  are  fabricated  such  that  each  diagonal 
element  pair  experiences  the  same  sense  in  resistance  variation  with  applied  magnetic  field  and 
the  sense  of  the  two  diagonal  pairs  is  reversed.  Therefore,  the  application  of  an  external  magnetic 
field,  shown  as  red  arrows  in  figure  1,  will  cause  the  resistance  of  one  pair  of  diagonal  elements 
to  increase  while  the  other  pair  of  diagonal  elements  will  experience  a  decrease.  This  throws  the 
Wheatstone  bridge  out  of  balance  and  a  non-zero  differential  voltage  develops  at  AV.  The 
magnitude  and  sense  of  this  differential  voltage  will  depend  on  the  magnitude  and  direction  of 
the  applied  magnetic  field  M  and  the  magnitude  and  polarity  of  the  applied  external  voltage  Vcc- 
A  nominal  device  sensitivity  of  1.0  mV/V/Oe  is  specified  in  the  HMC1043  data  sheet  (2).  Thus, 
at  the  maximum  magnetic  field  strength  of  6  Oe,  for  an  applied  Wheatstone  bridge  voltage  of 
3.3  V,  this  sensor  will  provide  an  output  signal  of  less  than  20  mV.  Clearly,  some  fonn  of  signal 
amplification  is  desirable.  Furthermore,  the  bipolar,  differential  nature  of  the  HMC1043 
magnetic  sensor  output  suggests  the  application  of  a  difference  amplifier  with  a  quiescent  level 
set  at  the  operating  voltage  midpoint  level,  VC(/2. 


Honeywell,  Plymouth,  MN,  www.honeywell.com/magneticsensors. 
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Figure  1.  Configuration  of  anisotropic  magnetoresistive  elements  in  HMC1043  sensor. 

The  previous  comment,  that  in  the  absence  of  an  external  magnetic  field  each  Wheatstone  bridge 
element  has  the  same  resistance,  is  in  fact  an  idealization.  The  inconvenient  reality  is  variations 
in  fabrication  processing  result  in  unavoidable  resistive  mismatches  between  Wheatstone  bridge 
elements  (3).  These  resistive  variations  serve  to  unbalance  the  bridge  and  produce  an  output 
voltage  even  in  the  absence  of  externally  applied  magnetic  fields.  Two  cases  for  dealing  with  this 
zero-stimulus  output  voltage,  known  as  sensor  bridge  offset,  will  be  considered.  The  first 
approach  will  be  to  determine  the  potential  magnitude  of  the  sensor  bridge  offset  and  quantify  its 
effect  on  magnetic  field  measurement.  In  essence,  this  first  approach  boils  down  to  simply  living 
with  the  sensor  bridge  offset.  The  second  approach  will  be  to  develop  a  method  for  compensating 
or  removing  the  effects  of  the  sensor  bridge  offset  voltage. 

The  HMC1043  magnetic  sensor  also  includes  a  set/reset  strap  for  each  orthogonally  oriented 
AMR  bridge.  This  strap  consists  of  a  spiral  conductor  configured  to  produce  a  magnetic  field. 
When  electrical  current  is  passed  through  this  spiral  conductor,  it  aligns  the  magnetic  domains  in 
the  magnetic  materials  in  an  orientation  that  is  dependent  on  the  direction  of  current  flow.  The 
set  and  reset  operations  refer  to  the  two  directions  of  current  flow  and  the  resulting  two  magnetic 
domain  alignments.  These  set/reset  operations  serve  multiple  purposes.  First,  periodic  set  and 
reset  operations  prior  to  magnetic  field  measurements  serve  to  condition  the  magnetic  domains  in 
the  AMR  elements  by  erasing  induced  magnetization  from  previously  applied  external  magnetic 
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fields  for  optimal  performance.  Second,  toggling  between  the  set  and  reset  states  reverses  the 
polarity  of  magnetic  field  induced  AMR  bridge  outputs  but  does  not  affect  the  polarity  of  the 
bridge  offset  voltage  bias.  This  second  effect  is  useful  in  “tuning  out”  the  bridge  offset  bias. 


2.  Methods  for  Handling  AMR  Bridge  Offset  Voltage 


2.1  Method  1:  Measuring  AMR  Bridge  Offset  Effect  and  Living  With  It 

The  HMC1043  data  sheet  (2)  specifies  the  maximum  bridge  offset  voltage  as  ±1.25  mV/V  with  a 
temperature  coefficient  of  ±10  ppm/°C.  For  an  assumed  temperature  operating  range  of  0  °C  to 
40  °C,  the  temperature  variations  of  the  bridge  offset  voltage  are  negligible.  Therefore,  for  an 
applied  Wheatstone  bridge  voltage  of  3.3  V,  the  worst  case  bridge  offset  voltage  is: 

maximum  bridge  offset  voltage  =  (±1.25  mV IV)  •  (3.3  V)  =  ±4.1  mV.  (1) 

The  same  data  sheet  specifies  the  magnetic  sensor  sensitivity  as  1.0  ±0.2  mV/V/Oe  with  a 
temperature  coefficient  of -3400  ppm/°C.  Over  the  same  assumed  temperature  operating  range, 
the  sensitivity  variation  is: 

sensitivity  variation  over  temp,  range  =  (40  °C)  •  (-3400  ppm/°C)  =  -136000  ppm  =  13.6%.  (2) 

Therefore,  the  maximum  sensitivity  over  the  chosen  temperature  range  is: 

maximum  sensitivity  over  temperature  range  =  (1.136)  *(1.2  mV  IV I  Oe)  =  1.36  mV  IV I  Oe.  (3) 

The  earth’s  magnetic  field  has  a  maximum  value  of  0.625  Oe.  Thus,  for  measurements  of  the 
earth’s  magnetic  field  using  an  applied  Wheatstone  bridge  potential  of  3.3  V  the  maximum  full- 
scale  magnetic  sensor  signal  is: 

maximum  sensor  signal  =  (3.3  F)*  (0.625  Oe)  *(1.36  mV  IV I  Oe)  =  2.8  mV.  (4) 

So,  under  these  worst-case  scenario  conditions,  an  HMC1043  sensor  in  the  earth’s  magnetic  field 
will  output  signal  voltages  of  ±2.8  mV  that  ride  on  a  bias  level  that  can  range  from  -4. 12  to 
±4.12  mV,  depending  on  the  individual  component.  These  signal  and  offset  levels  are  depicted 
graphically  in  figure  2.  This  illustration  highlights  the  fact  that  even  though  the  magnetic  sensor 
output  signal  ranges  from  only  -2.8  to  ±2.8  mV,  the  presence  of  the  ±4. 1  mV  bridge  offset 
voltage  leads  to  magnetic  sensor  output  voltages  that  range  from  -6.9  to  +6.9  mV.  So  a  range  of 
voltages  must  be  amplified  and  measured  for  which  only  40%  correspond  to  useful  sensor 
signals.  This  reduces  the  resolution  of  subsequent  analog  to  digital  conversion  (ADC) 
measurements  of  the  earth’s  magnetic  field,  as  listed  in  table  1.  Column  (a)  of  this  table  lists  the 
number  of  conversion  bits  for  common  ADCs  and  column  (b)  lists  the  number  of  bins,  regions, 
or  allowed  values  into  which  each  ADC  divides  the  voltage  measurement  range.  Column  (c) 
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provides  the  corresponding  number  of  useful  ADC  bits  if  only  40%  of  the  voltage  measurement 
range  corresponds  to  meaningful  magnetic  sensor  signals.  Realizing  the  earth’s  magnetic  field 
can  range  from  -0.625  to  +0.625  Oe,  columns  (d)  and  (e)  tabulate  the  achievable  resolutions  if 
the  ADCs  of  columns  (b)  and  (c)  are  used  to  measure  the  earth’s  magnetic  field.  The  negative 
effect  of  the  bridge  offset  voltage  on  the  measured  magnetic  field  resolution  is  clear. 
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Figure  2.  Relative  magnitudes  of  bridge  offset  and  magnetic  sensor  output  voltages. 


Table  1.  Effect  of  bridge  offset  voltage  on  resolution  of  earth  magnetic  field  measurements. 


(a)  Num.  of 

(b)  Num.  of 

(c)  40%  of  Num. 

(d)  Earth  Field  Res. 

(e)  Earth  Field  Res. 

ADC  Bits 

ADC  Bins 

of  ADC  Bins 

w/100%  ADC  Bins 

w/40%  ADC  Bins 

8 

256 

102 

4880  pOe 

12300  pOe 

10 

1024 

409 

1220  pOe 

3060  pOe 

12 

4096 

1638 

305  pOe 

763  pOe 

Depending  on  the  application,  the  tabulated  magnetic  field  measurement  resolutions  including 
the  undesirable  effect  of  the  bridge  offset  voltage  may  be  sufficient  and  the  strategy  of  coexisting 
with  this  offset  voltage  may  represent  a  convenient,  cost  effective  solution.  However,  for 
applications  where  magnetic  field  measurement  resolution  is  critical,  some  method  for 
compensating  or  removing  the  effects  of  the  bridge  offset  voltage  is  clearly  desirable. 
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2.2  Method  2:  Amplifier  Bias  Nulling  Method 

One  method  for  compensating  magnetic  sensor  bridge  offset  voltages  is  to  use  a  variable 
reference  difference  amplifier  as  illustrated  in  figure  3.  This  circuit  includes  a  user  adjustable 
reference  voltage  Vacij  that  is  available  to  manually  offset  the  amplifier  output  voltage  Vout.  The 
question  then  becomes  what  applied  reference  voltage  Vadj  will  be  required  to  nullify  the  effects 
of  the  bridge  offset  voltage?  For  the  condition  of  zero  applied  external  magnetic  field,  the  two 
differential  outputs  from  the  magnetic  sensor’s  AMR  Wheatstone  bridge  ideally  should  have  the 
same  output  voltage  Vin.  However,  the  presence  of  the  bridge  offset  voltage  effectively 
introduces  a  small  bias  voltage  E0//to  one  of  the  magnetic  sensor  outputs.  In  the  upper  portion  of 
figure  3  the  differential  output  voltage  Vin  is  supplied  to  the  voltage  divider  consisting  of  upper 
resistors  Ri  and  R]  with  a  central  voltage  node  at  points  and  a  termination  point  at  the  amplifier 
output  with  potential  Vout.  The  voltage  at  node  A  can  be  expressed  as: 

vt  =  v„  -  (V„  -  V„, ) .  [*,  l(R,  +*,)].  (5) 

Similarly,  the  other  differential  sensor  output  voltage  Vin+V0ff  is  routed  to  the  lower  voltage 
divider  with  central  voltage  node  at  point  B  and  termination  voltage  Vadj-  The  voltage  at  node  B 
can  be  expressed  as: 

V,  =  r„  +  voS  -  (V„ + Vof  -  v,dl ) .  [*,  /(*,  +  R2 )] .  (6) 

In  the  difference  amplifier  configuration  shown  in  figure  3,  the  operational  amplifier  will  drive 
the  output  voltage  Vout  to  make  the  potentials  at  the  input  nodes  A  and  B  equal.  Therefore, 
equating  equations  5  and  6: 

v„  -(V„- KJ.  [if,  /(if,  +  if, )]  =  v„  +  vot  - (V„,  +  vnI  -  vm). [if,  /(if,  +  if, )] .  (7) 

Eliminating  like  terms  and  multiplying  through  by  ( Ri+Rz )  equation  7  reduces  to: 

Vout  •  Ry  =  Voff  •(Rl  +R2)~  (VoIf  -  Vadj )»Rl.  (8) 

Notice  the  common  mode  magnetic  sensor  output  voltage  Vin  does  not  appear  in  equation  8.  This 
is  as  expected  for  a  difference  amplifier  where  only  the  difference  between  the  two  input 
voltages  is  amplified.  Solving  for  the  amplifier  output  voltage: 

Vout=Vadj  +  Voff{RJR,).  (9) 

Equation  9  reveals  the  undesirable  effect  of  the  bridge  offset  voltage  V0jf  on  the  quiescent  output 
voltage  Vout  can  be  nullified  by  applying  a  reference  potential  Vadj  that  is  opposite  in  sign  to  the 
offset  voltage  and  amplified  by  the  ratio  of  R2 to  R/. 
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Figure  3.  Variable  reference  difference  amplifier  configuration. 


3.  Magnetic  Sensor  Signal  Amplification 


The  ratio  of  resistor  value  R2  to  resistor  value  /?/  in  equation  9  is  also  the  amplification  of  the 
difference  amplifier  shown  in  figure  3.  Equation  9  sets  a  limiting  condition  on  the  value  of  R/Ri 
and  therefore  on  the  allowed  amplification  value  for  this  stage  of  amplification.  For  optimal 
operation,  the  desired  quiescent  output  voltage  Vollt  is  half  of  the  source  voltage  Vcc •  Also,  the 
applied  reference  potential  Vadj  can  have  minimum  and  maximum  values  of  0  and  Vcc 
respectively.  Substituting  these  values  into  equation  9,  the  maximum  amplification  factor  that 
will  allow  all  possible  bridge  offset  voltage  values  to  be  compensated  is: 

maximum  amplification  factor  =  R2 1  Rx  =  ( Vcc  /  Voff  )  /  2  .  (10) 

For  a  source  voltage  of  3.3  V  and  magnetic  sensor  bridge  offset  voltages  of  4.1  mV,  this 
difference  amplifier’s  maximum  amplification  factor  is  limited  to  about  400.  In  practice,  it  may 
be  desirable  to  employ  a  lower  amplification  level  with  additional  signal  amplification  provided 
by  subsequent  stages  of  amplification. 
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4.  Magnetic  Sensor  Set/Reset  Strap 


As  discussed  in  the  introduction,  the  HMC1043  set/reset  strap  provides  a  method  for  obtaining 
optimal  sensor  performance  and  toggling  the  sense  of  the  sensor’s  output  with  applied  magnetic 
field.  For  the  set  and  reset  operations,  electrical  currents  must  be  passed  through  the  conductive 
strap  coil  in  alternate  directions.  A  circuit  for  providing  these  electrical  currents  is  displayed  in 
figure  4.  The  central  component  in  this  figure  is  a  field  effect  transistor  (FET)  pair  consisting  of 
complementary  n-channel  c  and  p-channel  b  components.  A  common  gate  is  connected  to  a  logic 
switch  a.  In  the  quiescent  state,  this  gate  is  held  high  which  drives  the  p-channel  components  into 
nonconduction  and  the  n-channel  component  into  conduction. 

In  this  configuration,  the  source  voltage  Vcc  charges  capacitor  e  through  the  current  limiting 
isolation  resistor  d  while  the  n-channel  FET  drains  any  excess  charge  from  capacitor /.  When  the 
logic  switch  is  grounded,  the  conduction  states  of  the  complementary  FET  pair  are  reversed. 
Charge  from  capacitor  e  is  then  allowed  to  flow  to  capacitor  /  resulting  in  a  flow  of  positive 
current  through  the  strap  coil  in  a  clockwise  direction,  as  illustrated  in  the  left-hand  portion  of 
figure  5. 

When  the  common  FET  gate  is  subsequently  returned  to  the  quiescent  high  level,  the  FETs  once 
again  reverse  their  conduction  state,  the  positive  charge  on  capacitor /is  shorted  to  ground 
through  the  n-channel  FET,  and  positive  current  flows  through  the  strap  coil  in  a  counter 
clockwise  direction  to  neutralize  the  remaining  negative  charge  on  capacitor /.  Thus,  the  required 
set/reset  alternating  current  through  the  strap  coil  can  be  generated  by  rapidly  grounding  and  then 
pulling  high  the  common  FET  gate,  a. 
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Figure  4.  Schematic  of  set/reset  strap  circuitry. 


Figure  5.  Current  flow  in  strap  circuitry  during  reset  (left)  and  set  (right)  operations. 
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The  HMC1043  data  sheet  (2)  specifies  required  strap  currents  of  1  A  for  a  minimum  time 
interval  of  2  pS.  For  the  nominal  strap  coil  resistance  of  2.5  f2,  a  source  potential  of  3.3  V  is 
capable  of  supplying  the  required  current.  Assuming  a  conservative  current  flow  time  of  5  pS, 
the  charge  that  must  be  supplied  by  the  storage  capacitors  is: 

q  =  I»t  =  (\C/S)»  (0.000005  S)  =  0.000005  C  .  (11) 

For  the  3.3-V  source  voltage,  the  minimum  size  of  the  storage  capacitors  is: 

C  =  q/V  =  (0.000005  C)/(3.3  F)  =  1.5  juF .  (12) 

Therefore,  readily  available  4.7-pF  ceramic  capacitors  with  low  equivalent  series  resistance  can 
easily  supply  the  required  strap  currents. 


5.  Electronic  Circuitry 


5.1  Overview 

A  system  is  presented  that  is  capable  of  accessing  32  independent  HMC1043  magnetic  sensors  to 
monitor  a  three-dimensional  magnetic  field  over  an  extended  volume.  First,  the  circuit  details  of 
the  magnetic  sensors  and  their  local  supporting  components  will  be  described.  Then  multiplexing 
circuitry  will  be  introduced  that  allows  the  multiple  magnetic  sensors  to  access  a  limited  number 
of  DAC  channels  for  signal-level  measurement.  Finally,  the  microcontroller  that  controls  and 
coordinates  the  activities  of  the  magnetic  field  measurement  system  will  be  discussed. 

5.2  Magnetic  Sensor  Circuitry  Details 

A  schematic  diagram  of  a  single  magnetic  sensor  and  its  local  supporting  components  is 
illustrated  in  figure  6.  This  schematic  highlights  the  components  contained  at  every  magnetic 
sensor  site.  The  magnetic  sensor  is  located  in  the  upper-left  portion  of  this  figure.  Differential 
outputs  from  each  of  the  three  orthogonal  measurement  directions  are  routed  to  separate 
operational  amplifiers  located  on  the  right  side  of  this  figure.  As  shown,  these  differential  signals 
are  amplified  by  a  factor  of  100,  but  these  amplification  factors  can  be  easily  varied  by  changing 
the  values  of  the  input  and  feedback  resistive  component.  The  operational  amplifier  in  the  lower- 
right  portion  of  the  figure  buffers  the  user  adjustable  reference  voltage  VADJ  that  is  available  to 
manually  offset  the  effects  of  the  bridge  offset  voltages.  VADJ  is  a  common  voltage  that  is 
simultaneously  supplied  to  all  the  differential  amplifiers  for  all  the  measurement  directions  of  all 
the  magnetic  sensors.  Therefore,  before  each  component  of  the  magnetic  field  at  the  location  of 
each  magnetic  sensor  is  measured,  VADJ  mast  be  adjusted  to  a  previously  determined  voltage 
value  that  compensates  for  the  particular  bridge  offset  voltage  of  the  AMR  Wheatstone  bridge 
being  used  to  perfonn  the  measurement.  Thus,  the  optimal  VADJ  needs  to  be  determined  in 
advance  for  each  orthogonally  oriented  bridge  in  each  magnetic  sensor  and  stored  in  a  readily 
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accessible  look-up  table.  This  process  can  be  handled  by  an  automated  calibration  routine.  The 
good  news  is  that  bridge  offset  voltages  remain  the  same  during  the  lifetime  of  the  magnetic 
sensor  (3).  Therefore,  the  appropriate  reference  voltages  for  each  magnetic  sensor  only  need  to 
be  measured  and  stored  once.  The  four  operational  amplifiers  in  this  circuit  are  contained  in  a 
single  LMV324  low-cost,  low-power,  input/output  rail-to-rail  quad  package  ( 4 ). 

The  circuitry  in  the  lower-left  portion  of  figure  6  provides  the  current  pulses  for  the  set  and  reset 
operations.  A  common  SET  signal  is  supplied  to  all  32  magnetic  sensors  to  simultaneously 
perform  the  set/reset  operation.  This  SET  signal  is  provided  by  the  microcontroller.  The 
complementary  n  and  p  channel  FET  pair  is  contained  in  a  single  FDC6420C  package  (5). 

ft  is  desirable  to  have  the  printed  circuit  board  (PCB)  footprint  of  the  circuitry  in  figure  6  be  as 
small  as  possible  so  the  magnetic  sensors  can  be  closely  spaced  for  maximum  spatial  resolution 
of  the  magnetic  field  measurement.  Figure  7  illustrates  a  suggested  layout  for  the  magnetic 
sensor  components  shown  schematically  in  figure  6. 

The  four  layers  of  the  PCB  are  displayed  individually  as  well  as  a  composite  image  shown  to 
scale  at  the  center.  Fayer  1  includes  the  digital  set/reset  components,  the  magnetic  sensor,  and  a 
digital  ground  plane.  Fayer  4  contains  the  analog  amplification  components  and  an  analog 
ground  plane.  Fayers  2  and  3  are  inner  layers  dedicated  to  interconnect  traces  and  digital  and 
analog  power  planes  respectively.  The  full-scale  image  at  the  center  of  figure  7  reveals  the  PCB 
footprint  that  allows  magnetic  sensors  to  be  placed  as  close  as  0.6  inch  on  center. 
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Figure  6.  Schematic  diagram  of  magnetic  sensor,  amplifier,  and  set/reset  components. 
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Figure  7.  Printed  circuit-board  layout  of  magnetic  sensor  circuitry. 
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5.3  Multiplexing  Circuitry 

To  provide  a  separate  ADC  channel  for  each  of  the  96  signals  generated  by  an  array  of  32 
magnetic  sensors  would  be  a  significant  burden.  To  avoid  this  encumbrance,  multiplexers  are 
utilized  to  reduce  the  required  number  of  ADC  inputs.  As  illustrated  in  figure  8,  each  of  the  x- 
axis  magnetic  field  measurement  signals  from  all  32  magnetic  sensors  is  routed  to  a  single 
ADG732  32-to-l  analog  multiplexer  (6).  Similarly,  each  of  the  y-axis  signals  are  routed  to  an 
ADG732  and  the  same  for  the  z-axis  magnetic  field  measurement  signals.  The  use  of  three  32-to- 
1  multiplexers  reduces  the  required  number  of  ADC  input  channels  from  96  to  just  3.  For  each  of 
the  multiplexers,  selection  of  which  magnetic  sensor  signal  is  passed  through  to  the  ADC* 
output  is  determined  by  the  values  of  the  address-selection  lines,  ADDO  through  ADD4.  After  the 
desired  address  value  is  placed  on  the  address  selection  lines,  control  lines  WR_  and  CS  are 
used  to  latch  the  address  value  into  the  analog  multiplexer.  Additionally,  the  EN_  control  line  is 
used  to  enable  or  disable  the  multiplexer.  When  disabled,  none  of  the  32  input  signals  are  passed 
through  to  the  output  pin.  All  control  and  address  lines  are  managed  by  the  microcontroller. 
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Figure  8.  Schematic  diagram  of  multiplexer  circuitry. 
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5.4  Microcontroller  and  Supporting  Circuitry 

A  suitable  microcontroller  that  is  capable  of  coordinating  and  controlling  the  activities  of  this 
magnetic  field  measurement  system  is  the  Microchip*  PIC24HJ256GP210A.  This  high-end, 
16-bit  microcontroller  combines  a  wide  variety  of  peripherals  with  a  considerable  amount  of 
program  and  data-storage  capability  in  a  single  package.  With  a  processing  speed  of  40  million 
instructions  per  second  and  a  user-friendly  integrated  development  environment,  the 
PIC24HJ256GP210A  can  serve  as  a  flexible  platform  for  current  development  as  well  as  future 
enhancements.  This  microcontroller  and  its  supporting  components  are  illustrated  schematically 
in  figure  9. 

The  array  of  capacitors  at  the  top  of  figure  9  serves  to  condition  the  voltage  sources  that  power 
the  microcontroller.  High-frequency  noise  on  these  power  lines  can  be  mitigated  by  placing 
decoupling  capacitors  near  every  pair  of  microcontroller  power  supply  pins  on  the  PCB  (7). 
Continuing  clock-wise  around  the  microcontroller  symbol  on  figure  9,  digital  pins  from  register 
D  provide  the  ADD#,  EN_*,  WR_*,  and  CS_*  control  signals  for  determining  which  magnet 
sensor  signals  pass  through  the  previously  discussed  multiplexers.  A  MAX3232  RS-232  line 
driver/receiver  converts  the  unipolar  3.3-V  signals  from  the  microcontroller  number  1  serial  port 
to  bipolar  signals  that  allow  acquired  magnet  field  data  to  be  transferred  to  a  personal  computer 
for  long-term  storage,  analysis,  and  display  (5). 

The  user- adjustable  reference  voltage  Vac/j  that  is  used  to  manually  offset  the  amplifier  output 
voltage  Vout  is  generated  using  the  microcontroller’s  three-wire  serial  peripheral  interface  (SPI), 
and  an  AD5 160  SPI  compatible  digital  potentiometer  (9).  An  operational  amplifier  is  used  to 
buffer  the  digital  potentiometer  output.  In  the  lower-right  corner  the  input  and  output  pins  from 
the  microcontroller’s  second  RS-232  serial  port  are  made  available  for  future  wireless 
interfacing.  Working  up  the  right  side  of  the  microcontroller  symbol,  there  are  more  decoupling 
capacitors.  The  ADC  *  lines  of  register  C  are  the  three  analog-to-digital  inputs  that  interface 
with  the  analog  outputs  from  the  three  multiplexers.  Lines  M,  V,  G,  D,  and  C  make  up  the  in- 
circuit  programming  port  that  allows  the  microcontroller’s  program  memory  to  be  programmed, 
erased,  and  reprogrammed  as  required.  Four  external  interrupt  lines  are  available  to  coordinate 
and  alter  program  execution  with  external  events.  Finally,  a  CWX813  10-mHz  clock  is  used  to 
drive  and  pace  the  internal  workings  of  the  microcontroller  (10). 


Microchip  Technology  Inc.,  Chandler,  AZ,  www.microchip.com. 
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Figure  9.  Schematic  diagram  of  microcontroller  and  supporting  components. 
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6.  Summary 


This  report  presents  an  architectural  framework  for  utilizing  commercially  available  magnetic 
sensors  to  investigate  magnetic  field  perturbations  associated  with  ballistic  events.  Specifically, 
the  Honeywell  HMC1043  three-axis  magnetoresistive  field  sensor  is  considered  along  with 
required  circuitry  to  provide  signal  offset  compensation,  signal  amplification,  and  set/reset  strap 
capability.  Conditions  are  quantified  for  which  active  offset  compensation  is  desirable  and  a 
method  for  achieving  this  compensation  is  discussed  along  with  the  constraints  that  active 
compensation  imposes  on  signal  amplification.  A  method  for  realizing  optimal  magnetic  sensor 
performance  through  sensor  conditioning  set/reset  operations  is  presented.  A  scheme  for 
integrating  an  array  of  32  HMC1043  magnetic  field  sensors  into  a  microprocessor-controlled 
data  acquisition  and  storage  system  is  outlined  and  fabrication  details  are  provided. 
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